ABSTRACT
INTRODUCTION
The respiration rate is a vital physiological parameter that helps to provide significant information about the health status of a patient, particularly that of the human respiratory system. Abnormal respiratory rate could indicate a variety of conditions including respiratory diseases as well as systemic abnormalities including cardiovascular abnormalities and acidosis. The respiratory rate is also a commonly used parameter in routine patient monitoring to detect early disease and deterioration in clinical conditions. This measurement is even important in vulnerable patients, e.g. critically ill, neonates, infants and the elderly [1] . For example, respiratory rate is a useful indicator in severe asthma [2, 3] . The dynamic monitoring of human respiratory status during sleep imparts an important role in the diagnosis and treatment of sleep apnea, various sleep disorders and sudden death syndrome [4, 5] . Despite its importance and widespread utility, there is a lack of simple respiratory rate measurement instruments that can be applied in clinical practice. In most centers today, manual measurement of respiratory rate is still routinely practiced and this is time consuming and labor intensive. The major function of the human respiratory system is to supply an adequate amount of oxygen to the human body to produce energy and maintain a proper acid-base balance by removing carbon dioxide from it. The respiration rate monitoring is very much significant in medical monitoring system as it plays an important role in assessing a variety of illnesses [6, 7] .
The theory and practice of closed breathing systems evolved with the discoveries of oxygen and carbon dioxide and formed an integral part of the classic work of Lavoisier published between 1774 and 1785. This identified respiration as the uptake of oxygen and the excretion of carbon dioxide and formed the basis of general physiology [8] . With the advent of medical science and technology, several techniques have been adopted and also being proposed based on research works regarding the measurement of various physiological parameters including respiration rate. In the measurement of low-frequency biomedical parameters, such as heart rate and respiration rate, it is often necessary to measure the instantaneous frequency of their occurrence. Any rate measuring system based on the measurement of the time interval must, therefore, include a circuit to perform the necessary inverting function [9, 10] . Khandpur et al. described a circuit for beatto-beat heart rate measurement and the circuit can be modified to measure respiration rate as well [9] . Robert and Thomas described a model to predict respiration from VCG [11] . The gold standard for respiratory rate estimation is through the measurement of respiratory flow using a pneumotach or using a capnograph [2, 12] . Iamratanakull et al. studied the estimation of respiration from physiologic pressure signals [13] . Brady et al. focused on garment-based monitoring of respiration rate using a foam pressure sensor [14] . A system for wearable respiration monitoring system based on digital respiratory inductive plethysmography has been described by We et al. [4] . In their design of respiration rate meter, Vasu et al. and Choi et al. used radio frequency sensors [15, 16] , whereas Miwa and Sakai [17] proposed the use of body sound for the development of a heart rate and respiration measurement system. Implementation of optical methods, ultrasonic proximity sensor, impedance plethysmography, ECG signal (via wavelet), facial tracking method and real-time vision based system are also studied by Scalise et al. [18] , Min et al. [19] , Ansari et al. [20] , Santo and Carbajal [21] , Khalidi et al. [6] and Tan et al. [1] respectively regarding the measurement of respiration rate. Recent studies on respiration rate monitoring using capacitive textile force sensors, stepped-FM method, empirical mode decomposition method and laser Doppler vibrometry have also been carried out by Hoffmann et al. [22] , Otsu et al. [23] , Madhav et al. [24] and Scalise et al. [25] .
However, despite the proposal and implementation different respiration rate monitoring system and ongoing studies regarding the same, there still exist some physiological monitoring instruments, which are not only expensive but also inconvenient and are not practical for extended monitoring. Therefore a more practical and simple method is needed for continuous respiratory rate monitoring. With this concern, an attempt is made to design a low-cost respiration rate meter using infrared sensor and simple digital electronics circuit components.
METHODOLOGY

System Configuration
The block diagram of the designed digital respiration rate meter is shown in Fig. 1 . This meter uses a displacement transducer in combination with infrared (IR) transmitter and IR -receiver, respectively, for sensing the respiration rate. In the capillary glass tube of the physical interface (Fig. 5) of the meter, a light ball moves up and down during respiration process caused by Inhaling and exhaling the air. The IR-transmitter and receiver circuit assembly sense the ball movements and convert them into pulses by the pulse generator. A counter counts these pulses for a minute. A 3-digit LED (Light emitting diode) display monitors the respiration rate through a 7-segment driver/decoder. To reset the display to initial state (zero) and activate the counter for 1-minute to count the respiration pulse, switch S1 (the start switch) is used. The gate pulse generator utilises a monostable multivibrator that generates gating pulse of 1-minute duration, when triggered by start switch. 
Circuit Configuration
The circuit diagram for the digital respiration meter, designed is shown in Fig.2 In the above figure (Fig. 2) , the IR-LED transmitter (designated as IRTX) joined in series with resistor R1 transmits infrared signal. The transmitted signal is received by the IR-LED receiver (designated as IRRX). The IR receiver is connected to pin6 of operational amplifier LM324 via a voltage divider network made through Resistor constructed by the resistors R2 and R3. As the transmitted IR signal is directly incident on the forward biased IR diode, it generates an electrical signal according to the IR intensity. Here, LM324 acts as a comparator and calibrated using the potentiometer (VR0) in such a way that it would output a single pulse whenever the transmission path between the IR transmitter and the receiver is blocked. It implies that a pulse is produced during inhalation and exhalation, whenever the ball crosses the IR beam. Two pulses are produced as the ball crosses the IR beam twice: one during inhalation and the other during exhalation. The output of LM324 acts as the clock pulse for 3-digit BCD counter CD4553 (IC4). The input pin 8 of the NAND gate N1 of IC3 is connected to the output of counter IC1. The output of monostable multivibrator (NE555) is shorted with the input pin 9 of NAND gate N1. The values of the resistor R5 and the preset VR1 are taken in such a way that the monostable multivibrator generates a pulse of 1-minute time duration.
Whenever the switch S1 is pressed, it triggers the monostable multivibrator and produce the pulse of 1-minute time period. This pulse is the input to the pin 9 of the NAND gate (N1). Thus, the NAND gate becomes open for 1-minute and the clock pulses from LM324 are passed to pin 12 of the 3-digit BCD counter (CD4553). The NAND gate, N2 controls the latch enable (LE) of the BCD counter and inverts the 1-minute pulse from NE555. The counter begins its counting function, as the LE of the counter goes low resulting from the high output of NE555. Again, the counter stops counting when the LE of the counter becomes high, caused by the low output from the timer IC (NE555). At this stage, the 7-segment LED display would show no change in the count. Initially, a '000' is shown on the 7-segment display, when the S1 is pressed. The IC CD4533 incorporates 3-negative edge triggered synchronously cascaded BCD counters. Each of these counters contains a quad latch at its output and each quad latch allows the storage of digit counting. Time-division-multiplexing (TDM) scheme is applied to outgoing information from the BCD counter so that only one BCD digit/number is displayed at a time. Digit-Select outputs provide display control. All the outputs are TTL (i.e. Transistor-Transistor-Logic) -compatible. The output selector of multiplexer is driven by the low frequency scanning clock pulse that is provided by an on-chip oscillator. The 7-segment decoder/driver IC, CD4511 receives the BCD count outputs from the counter IC (CD4533) and displays the count on the 3-digit 7-segment displays (DIS1 through DIS3). Resistors R9 through R15 are used for limiting the current.
The power supply circuit for the circuit shown in figure 1 is based on the circuit shown in Fig. 3 The 230V AC is stepped down by a transformer to provide the secondary output of 9V, 500mA. A full-wave bridge rectifier having diodes D1 through D4 rectifies the output of the transformer. The rectified output is then filtered (by capacitor, C5) and regulated (by IC 7805, IC6), respectively. Ripples those might be present in the regulated power supply are bypassed by the capacitors C6 and C7. LED1 indicates the power 'ON' and the current through LED1 is limited by the resistor R17. The diode D5 would protect the regulator IC if, anyhow, its input becomes shorted to ground. Till now, the circuit has been developed on a breadboard as shown in Fig. 4 . The circuit would be designed on a Vero board along with the physical interface assembly as shown in Fig. 5 . The physical interface assembly utilises a nose mask that is easily available in medical shops. This is mainly used in hospitals for supplying oxygen to the patients for respiration.
RESULTS & DISCUSSIONS
Since the designed circuit is at its developmental stage and since the physical interface assembly is going to be implemented over it, subject data have not been yet collected. However, the fact that the designed circuit has run satisfactorily was proved when it was tested on the breadboard which would be replaced by Vero board. The following series of figures in figure 6 (6A to 6B) obtained during the testing the circuit on the breadboard proved its ability to count pulses. There are only 8 (starting from 000 to 007) stages have been shown here, although pulses counting were tested for 1 minute.
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CONCLUSIONS
It is to be mentioned here that digital respiration rate meter circuit for designed on the breadboard proved its functioning as desired. The circuit is going to be implemented on veroboard along with the physical interface to make it operative for practical use in the healthcare field. The major advantage of this monitoring device is its low-cost for which it will get an easy access to monitor respiration rate (one of the significant physiological parameters) to not only in medical field but also at home. The reason behind is the handling the device for which one need not to be strictly from medical background. The above mentioned device can also be modified with additional hardware circuitry so that it would not only monitor human respiration rate but also other significant physiological parameters (e.g. blood pressure, temperature etc.).
